We present experimental measurements of the mechanical properties of nanoscale-thick materials using a recently developed free-standing membrane test. Freestanding membranes of gold and a nano-porous silicate were centrally deflected using a spherical indenter attached to a microfabricated fixed-fixed beam device. Experiments of this type allow us to extract mechanical properties of the thin films without the complicating effects of the substrate, enabling accurate study of length scale effects. These experiments differ from previous work by testing freestanding films and by including the finite contact size of the indenter tip.
INTRODUCTION
Mechanical properties of thin films are found by testing of freestanding thin films or by films grown/deposited on a substrate. The latter measurements are influenced by the substrate especially for films whose thicknesses are less than 100 nm.
Measurements of this type are useful for determination of a thin film's in-service properties. The former measurements allow for direct measurement of the mechanical properties of the thin films.
Some examples of experiments on freestanding films include: the uniaxial tensile test [1], bending of a cantilevered beam [2] , and the bulge test [3, 4] . Eachof these experimental techniques have their own distinct advantages, but no method, other than the described in this article, allows us to perform multiple experiments with a single calibrated load cell, at resolutions better than 50 nN, on films with defects. Furthermore, the tool described below has the potential to operate in a liquid.
Recently we developed a new methodology for testing freestanding nanoscale membranes [5, 6] . In this method a custom designed and fabricated MEMS load cell was utilized to measure the mechanical properties of freestanding axisymmetric thin films. The load versus displacement was recorded and fit using a closed form approximation of membrane response [7] : 
where P is the load, E is the elastic modulus of the membrane, R is the radius of the indenter, a is the radius of the freestanding thin film, and d is the displacement. The relationship between load and displacement is cubic, thus a best fit cubic line allows us to determine the elastic modulus.
EXPERIMENTAL SETUP
Four components combine to for the experimental setup. The load cell and freestanding circular thin film membrane are fabricated independently in the laboratory. High precision translation/rotation stages and microscopes are necessary to align the load cell to the freestanding membrane.
The load cells were microfabricated and consist of fixed-fixed beams with lengths varying from 500 -5000 microns and widths of 4 m, details of the fabrication are in Reference [5] . Freestanding circular thin films were fabricated with thicknesses as small as 50 nm and diameters as high as 2 mm. In this novel process, membranes are fabricated such that they fit into a TEM holder for inspection before and after testing, see Figure 1 .
